The spliced leader RNA genes of Bodo saltans, Cryptobia helicis and Dimastigella trypaniformis were analyzed as molecular markers for additional taxa within the suborder Bodonina. The non-transcribed spacer regions were distinctive for each organism, and 5S rRNA genes were present in Bodo and Dimastigella but not in C. helicis. Two sequence classes of 5S rRNA were evident from analysis of the bodonid genes. The two classes of 5S rRNA genes were found in other Kinetoplastids independent of co-localization with the spliced leader RNA gene. ß
Introduction
The protozoan order Kinetoplastida is divided into two suborders, the Trypanosomatina and the Bodonina. The Bodonina consists of two families, the Bodonidae and the Cryptobiidae. The formal distinction between the two lies in the recurrent £agellum that is free from the body in the former and attached to the body in the latter. The bodonids have traditionally been regarded as phagotrophic free-living £agellates; the cryptobiids as saprotrophic commensals or parasites of ¢sh.
The spliced leader (SL) RNA gene (also known as thè mini-exon' gene) is present in multicopy tandem repeats in the nuclear genomes of kinetoplastid protozoa, nematode worms, and £at worms. It is a useful genetic marker to discriminate among the Kinetoplastida [1] and related organisms [2] . The only Bodonina SL RNA genes to have been studied are from Bodo caudatus [3] and Trypanoplasma [4] . To further the repertoire of molecular taxonomic markers for the Bodonina, we investigated the SL RNA genes of Bodo saltans, Cryptobia helicis and Dimastigella trypaniformis. The SL RNA gene repeats in B. saltans and Dimastigella were found to contain a 5S rRNA gene similar to the arrays of B. caudatus and Trypanoplasma. Comparative analysis has revealed two sequence classes of 5S rRNA in the kinetoplastid protozoa.
Materials and methods

Cell culture
DNA was extracted from B. saltans (strain K) and Dimastigella (strain Ulm), cultivated as described previously [5, 6] , and from C. helicis, obtained from receptacula seminis of garden snails, Helix pomatia, captured in South Bohemia, Czech Republic.
PCR and molecular cloning
The oligonucleotides used for SL RNA gene-repeat ampli¢cation and the thermal cycles have been described elsewhere [7] . The bu¡er was 100 WM of each dNTP, 1.5 mM MgCl 2 , 10 mM Tris^HCl, pH 8.3, 25 mM KCl, 1 Wg bovine serum albumin and 2.5 U Taq polymerase (Sigma). Ampli¢cation products were cloned directly using the TOPO1 TA Cloning kit (Invitrogen).
Sequence analysis
The DNA sequence of the inserts was obtained in both directions using £uorescent-dye terminator methodology (Davis Sequencing). Alignments were made using the PILEUP routine (gap weight = 1.0, gap length weight = 1.0) in the University of Wisconsin Genetic Computer Group package. RNA folding was performed with mfold' via the Internet site (http://bioinfo.math.rpi.edu/ Vmfold/rna/form1.cgi).
Results and discussion
SL RNA gene arrays
Ampli¢cation of the SL RNA gene repeat units was performed using universal primers targeted against the 20^39 region of the SL RNA exon and the products were resolved by gel electrophoresis (Fig. 1) . Discrete bands were observed of approximately 950 bp for Dimastigella, 470 bp for B. saltans, and 300 bp for C. helicis. The Dimastigella DNA sequence (GenBank # AF288761) contained a predicted 112-nt SL RNA and a 5S rRNA gene within the repeat. B. saltans (GenBank # AF288756-7) possessed a putative 93^94-nt SL RNA with the presence of a 5S rRNA gene; of two clones sequenced there was an additional nucleotide at position 46 in the intron that falls within a single-stranded region between stem^loop I and stem^loop II. C. helicis (GenBank # AF288758-60) had a 94-nt SL RNA and no associated 5S rRNA gene. Of three clones sequenced, all had identical exon sequences. Two clones had identical introns, however the third had three point mutations in the stem^loop II structure: one was in the loop and the other two were compensatory changes in the stem. In the non-transcribed spacer region, one clone had a 13-bp relative deletion and multiple additional differences. As in other apparent deletions in kinetoplastid SL RNA genes [8, 9] , £anking short direct repeats (GCCCT) were observed in Cryptobia.
New exon (SL) sequences were obtained for B. saltans and Dimastigella (Fig. 2) ; the C. helicis exon was identical to that reported for Trypanoplasma. The change of A to T at position 5 of the exon is the ¢rst mutation reported in the highly conserved positions 1^6 that include the site of cap 4' nucleotide modi¢cations [10] . The intron sequences were di¡erent from each other and from those of B. caudatus and Trypanoplasma (Fig. 3) . Although the SL RNA sequences were distinct, the sequence similarity was evident among B. caudatus, C. helicis, B. saltans and Trypanoplasma. In all cases, potential base-pairing within the intron to form stem^loop II and stem^loop III was present, as were loose consensus`Sm'-binding sites between the two stem^loop structures (Fig. 3) . Excluding the 5S rRNA sequences and short blocks of identity in repetitive sequences, the non-transcribed spacer regions were distinct.
Tandem SL RNA gene and 5S rRNA gene arrays
The gene for the 120-nt 5S rRNA is present typically at high copy number per cell in a tandemly arrayed gene structure [11] similar to that of the SL RNA gene. The variable association of the 5S rRNA gene with the SL RNA gene has been noted in the Euglenozoa and the nematodes, as has its association with rRNA genes and histone genes [12] . A summary of where this association has been found in kinetoplastid protozoa is presented in Fig. 4 .
Several points can be deduced from this comparison. First, the association of the two genes is frequent in organisms (Euglena, the Bodonidae, and the Cryptobiidae) that are considered to have branched earlier within this lineage [13] . Second, the orientation of the 5S rRNA gene relative to the SL RNA gene is not conserved, nor does it correlate with phylogenetic relationships among the Kinetoplastids [6, 14, 15] . Third, there are constraints on the minimal length of a repeat. The smallest repeat to contain a 5S rRNA gene is 431 bp from B. saltans. While the 5S rRNA gene promoter is internal, a major constraint on the minimum size of the non-transcribed spacer region is the presence of promoter elements upstream of the SL RNA gene [16] .
Two classes of 5S rRNA genes
A search of the GenBank database identi¢ed 33 di¡er-ent 5S rRNA, or 5S rRNA-like, gene sequences from members of the Kinetoplastida. A gestalt view of a multiple alignment of these sequences suggests the presence of two distinct sequence classes (provided for reviewers; available upon request). These two clusters are exempli¢ed by the sequences of B. saltans and Leishmania tarentolae taken from this alignment (Fig. 5A) . The 5S rRNA sequence from Dimastigella clusters with B. saltans ; the B. caudatus and Trypanoplasma 5S rRNA sequences cluster with L. tarentolae (Fig. 5A) . The sequences from the two groups have 36 nt in common (32%) ; an additional 46 nt are shared among most members of each group (41%). A relative deletion of 12 nt in the B. saltans group further distinguishes the two classes. Despite the overall sequence di¡erences, the predicted 5S rRNA molecules from B. saltans (Fig. 5B) and L. tarentolae (Fig. 5C ) can adopt similar secondary structures that are consistent with established models.
The presence of two distinct groups of 5S rRNA sequences within the kinetoplastid protozoa was unexpected.
Since the suborders Bodonina and Trypanosomatina were represented in both groups, there is no obvious correlation of the two sequence classes with aspects of Euglenozoa phylogeny. Nor is there a correlation with the association of the 5S rRNA genes with the SL RNA genes, since both 5S groups contained examples of associated and non-associated genes (Fig. 4) . At this point we have not detected both classes within a single species, however, this can be addressed experimentally. Neither have we addressed the possibility that some of the sequences we have collated represent non-transcribed pseudogenes. The presence of multiple 5S sequence classes in other organisms is welldocumented, and their expression has been correlated with particular biological phenomena, particularly developmental changes [17] . Future experiments will address the distribution of the two classes, and if both classes are present within a single species, whether there is di¡er-ential expression during the protozoan life cycle.
